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on an exterior surface; a base; a first telescopic frame
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disposed on a second side of the base; at least one adjustable
strap, the adjustable strap disposed between the adjustable
frames; wherein the at least one strap extends through the
guide on the exterior surface of the housing to suspend the
blade.

17 Claims, 11 Drawing Sheets

210




US 10,857,663 B2
Page 2

(1)

(52)

(58)

Related U.S. Application Data

on Apr. 2, 2018, provisional application No. 62/651,
586, filed on Apr. 2, 2018, provisional application No.
62/651,581, filed on Apr. 2, 2018.

Int. CL.

Fi6M 11/10 (2006.01)

Fi16M 11/18 (2006.01)

Fi16M 11/38 (2006.01)

F16M 11/42 (2006.01)

B60P 3/40 (2006.01)

B62B 5/00 (2006.01)

U.S. CL

CPC ........... F16M 11/18 (2013.01); F16M 11/38

(2013.01); F16M 11/42 (2013.01); B62B 5/003
(2013.01); B62B 5/0033 (2013.01); FO5B
2240/941 (2013.01); FO5B 2260/02 (2013.01);
FO5B 2260/30 (2013.01); FI16M 2200/022
(2013.01); F16M 2200/028 (2013.01)

Field of Classification Search
CPC ... F16M 2200/028; F16M 2200/022; B60P
3/40; FO3D 13/40; B62B 5/003; B62B

5/0033; FOSB 2240/941; FOSB 2260/02;
FO5B 2260/30
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,708,625 B1* 4/2014 Landrum ........... B61D 3/16
410/44

9,004,843 B2* 4/2015 LemoS .......cccoo... FO3D 13/40
294/67.31

9,347,426 B2* 5/2016 Landrum ........... B61D 3/16

9,638,162 B1* 52017 Fletcher ...... . B61D 45/003

9,945,351 B2* 4/2018 Lulker ... FO3D 13/40
2009/0020445 Al*  1/2009 Koike ..... ... HOIM 8/0252
206/319

2015/0329036 Al* 11/2015 Johnson .............. B60P 3/40
410/46

2018/0223811 Al* 82018 Fletcher ............... B61D 45/003

FOREIGN PATENT DOCUMENTS

DE 202016100449 U1 5/2017
WO WO-2017/131515 Al 8/2017

* cited by examiner



U.S. Patent Dec. 8, 2020 Sheet 1 of 11 US 10,857,663 B2

300

Fig. 1

o
o
i



US 10,857,663 B2

Sheet 2 of 11

Dec. 8, 2020

U.S. Patent

0T¢

u..l.h“ .m B Lt
S, G,

g i
R R

ecc

0¢c¢




U.S. Patent Dec. 8, 2020 Sheet 3 of 11 US 10,857,663 B2

220

.\\\‘i\;\s};«\\\\

]

Fig. 3

o
i
i



U.S. Patent Dec. 8, 2020 Sheet 4 of 11 US 10,857,663 B2

302

Fig.




US 10,857,663 B2

Sheet 5 of 11

Dec. 8, 2020

U.S. Patent

G "3

hs
¥
BN

ke

~
e
‘{.‘\_(
3
3

¥
H
b
b
H=
b
b
b
b
N

% *, A
e A ™, 5,
B £ /

B

", ,..—mssssst
: / < )

z ) e
; s ; ) : m w
T 4 ¢ ) A ; M ,
% ; " E %
%Y cersseeri & %, i §
%% ! /

% ; £
% ;o7 5 i

¢ %
% % 1 : 3
R .

%

\-.
A / ; A
% % M 3k :

S

, 5 i £ ¥
% A BesrrsinnnnnsrrsSn, B s SO \W
Ly | f §
% : ‘% 4
v . . o : J4
% = 1S3 & e !
% :

e
T i

o i b I,

Ve e -

T

&
Q2
¥
i

N P
H s } © -
3 H T s,
i R §
v, P 5, e, - s &
3 B e s e
p 5, A Ty e / /
1 e ; ™ 5 /
3 4 e e p b e i ¢ 4
PRSI m
Y x\\\ e [ 7 ] £ b £
» : 2 7
5 R
ka.\.q..@x

00¢€
00¢



U.S. Patent Dec. 8, 2020 Sheet 6 of 11 US 10,857,663 B2

T,

e

e et

e, o
e LAY
e

N R—
S .
~evah

Fig. 6



U.S. Patent Dec. 8, 2020 Sheet 7 of 11 US 10,857,663 B2

Fig.

200



U.S. Patent Dec. 8, 2020 Sheet 8 of 11 US 10,857,663 B2

Fig.




U.S. Patent Dec. 8, 2020 Sheet 9 of 11 US 10,857,663 B2

300
Fig. 9

R Sy,
e N, \-..?

S
A -

200



US 10,857,663 B2

Sheet 10 of 11

Dec. 8, 2020

U.S. Patent

0T "84

£

o

(53 /

P
Q

[}
o

e,

IO AR,
e e,

e
i
e
e

00¢€ 00¢



U.S. Patent Dec. 8, 2020 Sheet 11 of 11 US 10,857,663 B2

300
Fig. 11

200



US 10,857,663 B2

1
WIND TURBINE BLADE ROTATING
DEVICE—STRAPPED TIP DEVICE WITH
BLADE STABILIZATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 USC 119 of
priority to U.S. Provisional Application Nos. 62/651,601,
62/651,588, 62/651,586 and 62/651,581 filed Apr. 2, 2018,
the entire contents of each are hereby incorporated by
reference.

BACKGROUND OF THE DISCLOSED SUBIJECT
MATTER

Field of the Disclosed Subject Matter

The disclosed subject matter relates to a wind turbine
rotor blade handling system and apparatus for moving a
wind turbine rotor blade, and a corresponding method of
operating such a handling system.

Description of Related Art

A variety of methods and systems are known for use in the
manufacturing process of wind turbine blades, including
carts acting to support a section of the wind turbine blade,
e.g. after removal from the blade mold, and during post
molding operations (e.g. external blade surface grinding or
coating operations).

Conventional blade carts comprise an enclosed ring struc-
ture which is fitted around the body of the blade. However,
as blade dimensions increase, these carts are often difficult
to mount to the blade. Often times a crane is required to
support the blade weight while the cart is moved (often
manually) along the blade. In addition the cart presents a
hazard during post molding operations where people and
equipment are hindered by the large ring, and prevented
from easily accessing the blade leading and trailing edges at
the location of the cart.

Conventional blade carts are configured with closed
brackets forming a closed ring into which the wind turbine
blade is introduced. The drawback of this configuration lies
in the operation of loading the blade into the cart since to
perform the loading step either the cart must be moved from
the tip of the blade to the position of the blade where the cart
can support the blade weight, or the blade must be moved
into the cart by means of using an overhead travelling crane
and cables. In addition to the undesirable complexity of such
conventional blade handling systems, operation of these
conventional systems require a variety of movements which
present high risk of blade damage when introducing and
removing the various components.

Some exemplary conventional blade handling systems are
disclosed in WO 2013092597, WO 2012048719, US
20140356113, EP 2584191, JP2010216317, each of which is
hereby incorporated by reference it its entirety, including the
particular blade contacting elements and relative range of
motions disclosed.

SUMMARY OF THE DISCLOSED SUBJECT
MATTER

The purpose and advantages of the disclosed subject
matter will be set forth in and apparent from the description
that follows, as well as will be learned by practice of the

15

25

40

45

55

60

2

disclosed subject matter. Additional advantages of the dis-
closed subject matter will be realized and attained by the
methods and systems particularly pointed out in the written
description and claims hereof, as well as from the appended
drawings.

To achieve these and other advantages and in accordance
with the purpose of the disclosed subject matter, as embod-
ied and broadly described, the disclosed subject matter
includes a wind turbine blade suspension device comprising:
a blade housing, the blade housing configured to receive a
blade therein, the blade housing including at least one guide
on an exterior surface; a base; a first adjustable frame
disposed on a first side of the base; a second adjustable
frame disposed on a second side of the base; at least one
adjustable strap, the adjustable strap disposed between the
adjustable frames; wherein the at least one strap extends
through the guide on the exterior surface of the housing to
suspend the blade.

In some embodiments, the adjustable frames have a
non-linear shape.

In some embodiments, each adjustable frame includes a
pair of spaced struts having a bottom and top end, the top
ends of the first and second frames disposed in closer
proximity than the bottom ends of the first and second
frames.

In some embodiments, the adjustable frames are config-
ured to adjust the height of the strap(s) in a telescopic
manner.

In some embodiments, each adjustable frame includes a
pair of spaced struts having a bottom and top end, with a
cross-beam extending between adjacent struts proximate the
top end.

In some embodiments, the adjustable strap(s) extend
around less than the entire surface of the blade housing.

In some embodiments, the adjustable strap(s) extend
around the leading edge of the blade housing.

In some embodiments, the housing is configured as a
multi-piece component having an open configuration for
receiving the blade and a closed configuration.

In some embodiments, the strap(s) are adjustable to
change the height of the blade.

In some embodiments, the device also includes a propul-
sion mechanism for rotating the wind turbine blade.

In accordance with another aspect of the disclosure, a
wind turbine blade suspension device comprising: a blade
housing, the blade housing configured to receive a blade
therein, the blade housing including at least one guide on an
exterior surface; a base; a first pair of telescopic frames
disposed on a first side of the base; a first cross beam
extending between the first pair of telescopic frames; a
second telescopic frame disposed on a second side of the
base; a second cross beam extending between the second
pair of telescopic frames; at least one adjustable strap, the
adjustable strap extending from the base and disposed
between the telescopic frames; wherein the at least one strap
extends through the guide on the exterior surface of the
housing to suspend the blade.

In some embodiments, the telescopic frames have an
arcuate shape.

In some embodiments, the strap is disposed between the
first pair of telescopic frames.

In some embodiments, the strap is disposed between the
second pair of telescopic frames.

In some embodiments, the apparatus also includes an
actuator coupled to at least one telescopic frame, the actuator
extending the telescopic frame from a lowered position to an
extended position.
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In some embodiments, the actuator is attached to the first
cross beam and the second cross beam.

In some embodiments, the apparatus also includes a
plurality of casters, the casters attached to the frame.

In some embodiments, the strap(s) are adjustable to
change the height of the blade.

In some embodiments, the apparatus also includes a
propulsion mechanism for rotating the wind turbine blade.

In some embodiments, the strap surrounds the leading
edge of the blade.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and are intended to provide further explanation of the
disclosed subject matter claimed.

The accompanying drawings, which are incorporated in
and constitute part of this specification, are included to
illustrate and provide a further understanding of the method
and system of the disclosed subject matter. Together with the
description, the drawings serve to explain the principles of
the disclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a wind turbine
blade mounted to the handling system disclosed herein.

FIG. 2 is a schematic representation of a wind turbine
blade mounted to the tip device disclosed herein.

FIGS. 3-11 are a schematic representations of the tip
device disclosed herein, shown rotating a blade about vari-
ous positions with respect to a longitudinal axis of the blade.

FIGS. 4-5, 7 and 9-10 depict the Tip Device of the present
disclosure without the straps for clarity of the underlying
structure of the apparatus.

DETAILED DESCRIPTION OF AN
EXEMPLARY EMBODIMENT

The purpose and advantages of the disclosed subject
matter will be set forth in and apparent from the description
that follows, as well as will be learned by practice of the
disclosed subject matter. Additional advantages of the dis-
closed subject matter will be realized and attained by the
methods and systems particularly pointed out in the written
description and claims hereof, as well as from the appended
drawings.

Reference will now be made in detail to exemplary
embodiments of the disclosed subject matter, an example of
which is illustrated in the accompanying drawings. The
method and corresponding steps of the disclosed subject
matter will be described in conjunction with the detailed
description of the system.

The methods and systems presented herein may be used
for handling, e.g. clamping, securing, rotating and transport-
ing a wind turbine blade. The system and apparatus dis-
closed herein can be used to facilitate various finishing
processes of the wind turbine blade manufacturing. In an
exemplary embodiment, this system consists of two separate
apparatus called “Root Device” and “Tip device” as shown
within the figures included herein.

As shown in FIG. 1, the system 1000 generally includes
a Root Device (100) and a Tip Device (200). These sub-
system 100, 200 provide additional handling functions and
the ability to handle larger wind turbine blades with higher
efficiency, accessibility and ergonomics than conventional
handling systems. It will be understood that although refer-
ence to a “tip device” is recited herein, the apparatus and
methods disclosed herein can be employed to engage any
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portion of the blade (i.e. not just the tip portion, but any
location along the blade span).
Blade Handling Device (200)

The strapped blade suspension handling device (1000)
with blade stabilization system is a one aspect of the wind
turbine blade rotating device disclosed herein. This struc-
ture’s aim is achievement of additional functions and oppor-
tunities to handle larger wind turbine blades with easy
loading process, higher efficiency of accessibility and ergo-
nomic rather than conventional systems.

The system disclosed herein has the following sub-sys-
tems: i) Special shaped composite blade template, ii) Double
strapped blade tip rotation system, iii) Telescopic side col-
umn system, iv) Blade strap adjustment system and v) Blade
stabilization system; each of which is described in further
detail below.

Special Shaped Composite Blade Template

The blade suspension device (200) includes composite
blade housing template (300) which serves as a sleeve or
shroud to receive the wind turbine blade therein, as shown
in FIGS. 1-11. The template (300) can be formed as a
two-piece component which is secured, e.g. clamped,
together to securely retain the blade within. The pieces can
be hinged together in a clamshell fashion, or be separate
pieces which are releasably coupled together and securely
locked to retain the blade during various modes of move-
ment. The interior surface of the template (300) can include
a coating or layer of material which cushions or protects the
blade surface from damage. The exterior surface of the
template (300) includes a series of grooves or channels for
receiving and guiding the straps which suspend and rotate
the blade, as described in further detail below. In the
exemplary embodiment shown in FIG. 2, the template (300)
completely surrounds the blade (not shown for clarity) from
leading edge to trailing edge. Likewise, the grooves/chan-
nels extend completely around the template (300) so that the
blade can be rotated 360 degrees (or more) while continu-
ously engaged with the straps. While the templates (300) can
be sized according to specific blade geometries and sizes, the
remainder of the blade suspension device (200) can be
universal in design an applicable to all wind turbine blades.

The blade suspension device (200) includes a base (210)
and a support frame telescopic columns (220), as shown in
FIGS. 2-11. The blade suspension device (200) can be a
single, integral unit, or can be comprised of a plurality of
discrete units which can be joined together or otherwise
connected to receive and support a wind turbine blade. For
example, the frame (220) can be a two-piece structure that
is releasably joined and locked together with a clamp or pin.
The two pieces can be joined along the bottom via inter-
connecting struts that extend underneath the blade.

The support base (210) has load-bearing beams and,
optionally, casters to permit movement of the blade suspen-
sion device (200) about the shop floor. In the exemplary
embodiment shown, the beams are arranged in a parallel
manner to define a box-like frame which is open and
accessible from above and below. Extending upwardly from
the base (210) are telescopic columns (220), which are
configured with an arcuate, e.g. elliptical, shape such that the
bottom is connected to the edge of the base (210) and the
tops converge near the midpoint of the blade suspension
device. This arcuate shape is advantageous in that it brings
the hinge point of the support straps, about the cross-beam
(222) proximate the center point of the blade suspension
device (200) which is where the blade is supported. Thus the
center of gravity is proximate the midpoint of the, sym-
metrical, apparatus. Furthermore, the arcuate shape and
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telescopic columns allow for sufficient space to permit
rotation of the blade, as described in further detail below.

As previously noted, the telescopic columns (220) also
have cross-beams (222) extending between adjacent tele-
scopic columns (220) at opposite ends of the blade suspen-
sion device (200). A series of cross beams also extend
between parallel beams of the base (210). Additionally, the
telescopic columns (220) include panels (223) which sand-
wich and guide the telescopic columns (220), and in com-
bination with the cross-beams (222), provide additional
support and rigidity to the Tip Device. The cross beams can
be adjustable such that the space between the columns (220),
and the front and rear struts of the base (210), can be
collapsed or expanded as desired to accommodate blades of
varying geometries.

The blade suspension device (200) includes grooves or
channels for receiving and guiding the belts or straps that are
employed to lift and suspend the blade. It should be under-
stood that the telescopic columns (220) can be positioned at
any desired location along the blade span and need not be
located proximate the absolute tip of the blade.

In operation, if access to the blade tip surface which is
contained within the blade suspension device (200) is
required, a second blade suspension device (200) can be
brought into adjacent position to similarly receive the blade
tip. Thereafter, the first blade suspension device (200) can be
removed while the second blade suspension device (200)
maintains the blade in the suspended position.

Double Strapped Blade Tip Rotation System

The blade suspension device (200) operates to support,
and rotate, the blade via belts or straps (250). Similarly to the
templates (300), the straps (250) can include a coating or
layer of material which cushions or protects the blade
surface from damage. In the embodiments shown, a dual
strap arrangement is used, though alternative numbers of
straps can be employed within the currently disclosed sys-
tem.

The blade suspension device (200) is provided with
freedom of movement within the tilt and yaw directions. For
example, a strap tension adjusting feature can be provided in
which the strap tension adjusting mechanism is positioned
below a side column (220) behind panels (223). This system
will measure the straps tension relative to each other and will
balance the tension to avoid strap loosening during blade
rotation. In the exemplary embodiment shown in FIG. 3, the
straps (250) are guided, and slidably retained, within chan-
nels (302) which protrude outwardly from the template
(300). The template (300) which retains the blade therein
(not depicted for clarity sake) rests on the straps (250) such
that the straps wrap around the leading edge of the template
(300) and extend over only a portion of the upper and lower
surfaces of the template. In other words, the straps do not
engage the template (300) from approximately the mid-
chord position to the trailing edge.

The straps (250) are wrapped around the top cross beam
(222) and extend downwardly towards the base (210) to
wrap around the middle cross beam (222'), and next around
lower cross beam (222"), as shown in FIG. 6. In accordance
with another aspect of the disclosure, the straps (250) are
adjusted in length, e.g. elongated and retracted, via rollers
and bearings, as described in further detail below. Accord-
ingly, the strap suspension system disclosed herein does not
require a propulsion means to power the operation of the
apparatus (i.e. rotate the blade). However, if so desired, a
separate propulsion means can be incorporated into the
systems disclosed herein.
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Telescopic Side Column System

In accordance with another aspect of the disclosure, the
blade suspension device (200) can be configured as an
adjustable structure which converts from an extended posi-
tion (FIGS. 1-3, 6 and 8-11), operational to receive, suspend,
and rotate a wind turbine blade, and a collapsed position
(FIGS. 4-5 and 7), e.g., for blade loading/unloading. In the
exemplary embodiment shown in the tip telescopic columns
(220) is adapted to collapse in a telescoping manner which
minimizes the size of the entire device.

The telescopic columns (220) is converted between the
extended and collapsed positions by a piston (225) which is
attached at a lower end to the lower cross beam (222') and
at the top end to the upper cross beam (222), as shown in
FIG. 6. The pistons (225) can be selectively, and indepen-
dently of each other, actuatable to advance and retract within
the tip telescopic columns (220). The pistons (225) can be
actuated via electrical, pneumatic or hydraulic means. Fur-
ther, the pistons (225) can include a connection mechanism
(e.g. clasp, clamp, ring, etc.) to securely and releasably
attach to the cross beams (222).

In operation, the telescopic columns (220) can be set in
the collapsed configuration for receipt of a turbine blade
(having the template 300 attached at the desired location
along the blade span). The straps (250) are positioned within
the channels//slots (302) on the exterior surface of the
template (300). The pistons (225) are then actuated to extend
the telescopic columns (220) upwardly, thereby bringing the
straps (250) under tension as they lift and suspend the blade
therein. Sensors can be embedded within the telescopic
columns (220) so that the expansion process can be con-
trolled by a programmable PLC software system. Addition-
ally, alarms (e.g. audible/optical/tactile) can be employed to
alert personnel that the device is transitioning and/or near
the end of its telescopic range of motion.

Blade Strap Adjustment System

In accordance with another aspect of the disclosure, a
blade strap (250) length adjustment system is provided,
which in the embodiment shown in FIGS. 2, 6 and 8, is
located under the frame (210). In some embodiments, the
box-like frame (210) can be an enclosed structure, in which
case the strap adjustment can be retained therein. A strap
length adjustment system is provided which can increase or
decrease the route/length of the straps at bottom of the
device, in order to shorten or lengthen the straps at middle
area where the blade stands. Quantity and length of the strap
adjustment systems’ cylinders is calculated according to the
blade size and rotation positions.

Strap adjustment can be provided according to the tele-
scopic columns (220) loading and blade rotation positions.
Additionally or alternatively, the straps can be adjusted to
provide the requisite amount of blade stabilization, even
during rotation of the blade from the Root Device (100).
Also, the straps can be adjusted according to the blade height
and loading/unloading conditions. In accordance with an
aspect of the disclosure, there is no necessity for propulsion/
energy/drive system for rotating the blade within this sys-
tem. Bach strap is configured as a ring and is freely movable
via their bearings (e.g. an operator can generate rotation by
manually pulling the straps). When the root device operates
(e.g. rotating the blade), tip device will freely rotate in sync
with the root device. However, in order to provide blade
stabilization, a drive system is provided for strap length
adjustment.

Blade Stabilization System

In accordance with another aspect of the disclosure, a
blade stabilization system can be employed which monitors
and controls the operation of each subsystem described
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herein. For example, PLC control software can be pro-
grammed such that the telescopic frame (222), strap adjust-
ment, and blade rotation are all configured to operate simul-
taneously. Alternatively, a control can be set to enable only
a single subsystem to operate at a given time, requiring serial
completion of each task before commencing a subsequent
task.

Similarly, boundary limits and conditions can be set so as
to slow, or halt, operation of any subsystem disclosed herein.
Root Device (100)

The Root Device (100) can be a single, integral unit, or
can be comprised of a plurality of discrete units which can
be joined together or otherwise connected to receive and
support a wind turbine blade. The Root Device (100) is
adapted to receive the root portion of the wind turbine blade,
and to rotate the blade (at various speeds). Accordingly, the
root support member is configured with a complimentary
shape to the wind turbine root, e.g. arcuate. The root support
member can comprise a curved shape with a radius which is
similar to the outer radius of the root portion. In more
general terms, the shape of the root supporting member is
adapted to the shape of the root portion. In some embodi-
ments the root support member 120 can be adjustable to
accommodate varying root geometries.

The power to generate the movement (e.g. rotation about
the blade longitudinal axis) of the wind turbine blade can be
provided in a variety of ways, e.g. electric motor, pneumatic
or hydraulic systems. In some embodiments, the power
means (and associated wiring, cables or piping, as the case
may be) are housed directly within the Root Device. In other
embodiments, the power source, and/or auxiliary power
systems, can be located external to the Root Device (100)
housing. In some embodiments, the Root Device can drive
the rotation of the blade while the Tip Device passively
rotates as the rotational moment is transferred though the
blade and into the Tip Device.

In accordance with another aspect of the present disclo-
sure, the root device (100 and blade suspension device (200)
can be arranged as separate and indepdently operable com-
ponents. In some embodiments the root device and blade
suspension device can include position indicating mecha-
nisms which convey the relative position of one component
with respect to another. For example, an optical, e.g. laser,
mechanism can be included which alerts the user when the
root device and blade suspension device are properly aligned
(e.g. with respect to the blade longitudinal axis). If the blade
suspension device were accidentally displaced, an alarm can
notify the user to take corrective action to bring the blade
suspension device back into alignment so as to not induce
any undesired loads on the blade, or support apparatus.
Preferably, the system disclosed herein is synchronized with
the root device and blade suspension device coordinated to
move, e.g. rotate, at the same time and at the same speeds.

Moreover, the Root Device and Tip Device can be con-
figured to restrict relative movement therebetween, such that
each apparatus moves in concert with the other (e.g. relo-
cated along a shop floor) without imparting any loads on the
blade disposed therein.

It will be understood that once the blade is supported
within the root device and blade suspension device any
external support means, e.g. a harness, a crane, etc., for the
blade can be removed. In some embodiments, the portions of
the apparatus which engage the blade (or core) can include
a protective cover to prevent damage and further absorb or
cushion against undesired load transfer. Embodiments of the
wind turbine blade handling system as described above may
be flexible and can adapt to various rotor blade positions.
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This can result in smaller loads on the rotor blade. As a
consequence, the risk of damages to the rotor blade is
reduced.

Accordingly, the present disclosure provides a variety of
improvements and benefits to wind turbine blade handling,
some examples include:

1. Easy loading/unloading of the blade.

2. Different tip support locations for same blade can be

obtained with same device.

. Lower tip device height.

. Easy mobility with less weight.

5. Universal design, only template variations needed to
accommodate different blades.

. Tip device lifting and lowering ability.

7. Larger blade’s rotation angles and surface accessibility

will be increased.

8. Blade will undergo less stress during rotation.

9. System is self-aligned so ne need of pre-adjustment.

While the disclosed subject matter is described herein in
terms of certain preferred embodiments, those skilled in the
art will recognize that various modifications and improve-
ments may be made to the disclosed subject matter without
departing from the scope thereof. Moreover, although indi-
vidual features of one embodiment of the disclosed subject
matter may be discussed herein or shown in the drawings of
the one embodiment and not in other embodiments, it should
be apparent that individual features of one embodiment may
be combined with one or more features of another embodi-
ment or features from a plurality of embodiments.

In addition to the specific embodiments claimed below,
the disclosed subject matter is also directed to other embodi-
ments having any other possible combination of the depen-
dent features claimed below and those disclosed above. As
such, the particular features presented in the dependent
claims and disclosed above can be combined with each other
in other manners within the scope of the disclosed subject
matter such that the disclosed subject matter should be
recognized as also specifically directed to other embodi-
ments having any other possible combinations. Thus, the
foregoing description of specific embodiments of the dis-
closed subject matter has been presented for purposes of
illustration and description. It is not intended to be exhaus-
tive or to limit the disclosed subject matter to those embodi-
ments disclosed.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the method and
system of the disclosed subject matter without departing
from the spirit or scope of the disclosed subject matter. Thus,
it is intended that the disclosed subject matter include
modifications and variations that are within the scope of the
appended claims and their equivalents.

NS

N

The invention claimed is:

1. A wind turbine blade suspension device comprising:

a blade housing, the blade housing configured to receive
a blade therein, the blade housing including at least one
guide on an exterior surface;

a rectangular base;

a first adjustable frame disposed on a first side of the base,
the first adjustable frame including a pair of spaced
columns, each column having a bottom and top end, the
top ends defining a first hinge point;

a second adjustable frame disposed on a second side of the
base, the second adjustable frame including a pair of
spaced columns, each column having a bottom and top
end, the top ends defining a second hinge point;



US 10,857,663 B2

9

at least one adjustable strap, the adjustable strap disposed
between the adjustable frames and extending over at
least one hinge point;

wherein the device has an expanded position and a
collapsed position, the first hinge point and the second
hinge point disposed above a midpoint of the rectan-
gular base when the device is in the expanded position,
and the first hinge point and the second hinge point
disposed proximate the edges of the base when the
device is in the collapsed position; and

wherein the at least one strap extends through the guide on
the exterior surface of the housing to suspend the blade.

2. The wind turbine blade suspension device of claim 1,
wherein the adjustable frames have a non-linear shape.

3. The wind turbine blade suspension device of claim 1,
wherein the adjustable frames are configured to adjust the
height of the at least one adjustable strap in a telescopic
manner.

4. The wind turbine blade suspension device of claim 1,
wherein each adjustable frame includes a pair of spaced
struts having a bottom and top end, with a cross-beam
extending between adjacent struts proximate the top end.

5. The wind turbine blade suspension device of claim 1,
wherein the at least one adjustable strap extends around less
than the entire surface of the blade housing.

6. The wind turbine blade suspension device of claim 1,
wherein the at least one adjustable strap extends around a
leading edge of the blade housing.

7. The wind turbine blade suspension device of claim 1,
wherein the housing is configured as a multi-piece compo-
nent having an open configuration for receiving the blade
and a closed configuration.

8. The wind turbine blade suspension device of claim 1,
wherein the at least one adjustable strap is are adjustable to
change the height of the blade.

9. A wind turbine blade suspension device comprising:

a blade housing, the blade housing configured to receive
a blade therein, the blade housing including at least one
guide on an exterior surface;

a rectangular base;

a first pair of telescopic frames disposed on a first side of
the base, each of the first telescopic frames having a
bottom and top end, the top ends defining a first hinge
point;
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a first cross beam extending between the first pair of
telescopic frames;

a second pair of telescopic frames disposed on a second
side of the base, each of the second telescopic frames
having a bottom and top end, the top ends defining a
second hinge point;

a second cross beam extending between the second pair of
telescopic frames;

at least one adjustable strap, the adjustable strap extend-
ing from the rectangular base and disposed between the
first telescopic frames, and extending over at least one
hinge point;

wherein the device has an expanded position and a
collapsed position, the first hinge point and the second
hinge point disposed above a midpoint of the rectan-
gular base when the device is in the expanded position,
and the first hinge point and the second hinge point
disposed proximate the edges of the base when the
device is in the collapsed position; and

wherein the at least one strap extends through the guide on
the exterior surface of the housing to suspend the blade.

10. The wind turbine blade suspension device of claim 9,
wherein the first telescopic frames have an arcuate shape.

11. The wind turbine blade suspension device of claim 9,
wherein the strap is disposed between the first and second
pair of telescopic frames.

12. The wind turbine blade suspension device of claim 9,
wherein a second strap is disposed between the second pair
of telescopic frames.

13. The wind turbine blade suspension device of claim 9,
further comprising an actuator coupled to at least one
telescopic frame, the actuator extending from a collapsed
position to an expanded position.

14. The wind turbine blade suspension device of claim 13,
wherein the actuator is attached to the first cross beam and
the second cross beam.

15. The wind turbine blade suspension device of claim 9,
further comprising a plurality of casters, the casters attached
to a frame.

16. The wind turbine blade suspension device of claim 9,
wherein the at least one adjustable strap is adjustable to
change the height of the blade.

17. The wind turbine blade suspension device of claim 9,
wherein the strap surrounds a leading edge of the blade.
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